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A non-staining chlorhexidine

mouthwash? Probably not: a

study in vitro

Abstract Background and aim: Tooth staining is a common

side effect of chlorhexidine mouth rinses and caused by the

interaction of the di-cationic antiseptic with dietary

chromogens. A product is now available, which claims an

anti-discolouration system (ADS) with one clinical study in

support. This study in vitro aims to determine whether two

ADS rinses do or do not bind dietary chromogens. Method

and materials: Optically clear acrylic specimens were cycled

through human saliva (2 min), one of the three chlorhexidine

rinses (two ADS and a positive control) (2 min) or water and

then soaked in tea (60 min). After each cycle the optical

density (OD) of specimens were read on a UV/visible

spectrophotometer. The exit point was the cycle at which OD

was >2.0. Results: All three rinses exceeded OD 2 at 11

cycles and there was no significant difference in staining for

the ADS rinses compared with the positive control

rinse. Conclusion: Based on extensive literature for the

correlation of this test in vitro with chlorhexidine anti-plaque

activity and propensity to stain in vivo these ADS rinses will

have the same anti-plaque efficacy and potential to cause

stain as established chlorhexidine rinse products.
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Introduction

It is now more than 30 years since chlorhexidine was shown to

inhibit the formation of plaque and the development of gingivi-

tis (1). Indeed, today chlorhexidine is still considered the ‘Gold

Standard� anti-plaque agent (for reviews see 2, 3). Early clinical

studies identified local side effects of chlorhexidine formula-

tions, which have tended to limit long-term use in preventive
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dentistry (4). Perhaps best known is the development of

extrinsic dental and tongue stain with all known efficacious

chlorhexidine products, including mouth rinses (4), gels (5),

sprays (5, 6), chewing gum (7, 8) and toothpaste (9, 10). The

aetiology/mechanism of chlorhexidine staining can be debated,

but evidence from numerous randomized controlled studies

in vivo and in vitro demonstrate that an interaction of this

di-cationic antiseptic with dietary chromogens on the tooth

and mucosal surfaces is the major aetiological factor (for

reviews see 3, 11, 12). Such a dietary mechanism also explains

the dental and tongue staining seen with the oral use of other

cationic antiseptics and polyvalent metal salts (13, 14).

The original and numerous studies have identified that the

propensity of chlorhexidine to produce dietary staining in vitro

correlated with both the efficacy against plaque and potential

to cause stain in vivo (15–26). For example, a purported non-

staining chlorhexidine mouth wash was shown to cause little

staining in the laboratory model, referred to, but lacked clin-

ical efficacy (19, 20). Interestingly, the manufacturers reformu-

lated the mouth rinse in the UK but not in France.

Subsequent studies revealed the UK formulation stained

in vitro (21) and was efficacious against plaque and gingivitis

(22). The French formulation remained non-staining in vitro

and clinically ineffective (25, 26). Despite numerous attempts

to produce non-staining chlorhexidine formulations two out-

comes have always prevailed: inhibition of staining with loss

of activity (27–30) or failure to prevent staining and mainten-

ance of efficacy (31, 32). This has lead to the common state-

ment about chlorhexidine products ‘If it does not stain it does

not work�. Recently, a claim for a reduced staining chlorhexi-

dine mouth rinse has been made. The product contains an

anti-discolouration system (ADS) based on ascorbic acid and

sodium metabisulphite. An explanation, for the mechanism of

action of the ADS, has not been given by the manufacturers,

nor is it immediately apparent to us. This aside, a clinical

study has been published reporting statistically significantly

less stain with the 0.2% ADS chlorhexidine rinse compared

with a 0.2% chlorhexidine positive control (33). The efficacy

against plaque and gingivitis for the ADS rinse appeared

unchanged, although one must assume a serious error in

Table 2 of the paper (33) with mean and standard deviation

values being identical for both plaque and gingivitis indices

with both rinses. The study was crossover in design and there-

fore more suitable for a stain study of short duration than a

parallel design, however there was no attempt to control diet

and this could have confounded the results. Most studies on

chlorhexidine staining have controlled at least beverage intake

(14, 16, 17, 20, 25), indeed some models challenge the chlor-

hexidine with chromogenic beverages, for the ‘forced stain

model� (34–36). Such a model would more satisfactorily differ-

entiate an ADS formulation from a positive control, if the

ADS was effective. The present study used a well-accepted

and proven method in vitro, which would demonstrate whether

the ADS chlorhexidine rinses had reduced staining compared

with a well-established UK chlorhexidine mouth rinse product.

Materials and method

The mouth rinses used were a 0.12 and 0.2% chlorhexidine

products (Curasept; Curaden Healthcare srl, Saronno, Italy)

(test) with ADS and a 0.2% chlorhexidine product (Corsodyl;

GlaxoSmithKline, Oral Healthcare, Weybridge, UK) (positive

control) and water (negative control).

The method is based on the original study of Addy et al.

(15). Optically clear rectangular acrylic blocks (Perspex; Amari

Plastics plc, Weybridge, UK) measuring 30 mm · 10 mm ·
3 mm were prepared to fit the specimen chambers of a UV/vis-

ible double beam spectrophotometer. A baseline measurement

for each block was taken at the maximum for tea of 295 nm.

Groups of six blocks were allocated to each chlorhexidine solu-

tion and water control. Unstimulated human saliva was collec-

ted from the same individual at 9 am and 2 pm each day. Each

group of blocks were placed into saliva for 2 min, removed,

washed in water and placed into the respective solution for

2 min. Specimens were then removed, washed and placed into

a standard tea solution for 60 min. The standard tea solution

was prepared by boiling 1 g of a single brand of tea leaves

(Marks and Spencer Extra Strong, Marks and Spencer, London,

UK) per 100 ml of water for 3 min, then decanted through

gauze and cooled to room temperature. Finally, after removal

from the tea solution, specimens were rinsed in water, allowed

to bench dry and the optical density (OD) recorded on the

spectrophotometer at 295 nm. The cycle was repeated until

any one treatment solution resulted in an average OD for the

group of >2.0. For the water control the same cycling procedure

was followed but OD readings were only taken at the cycle at

which one of the chlorhexidine groups reached OD >2.

Statistical methods

Based on previous data that there would be little staining in

the water control group, it was decided a priori to perform ana-

lysis of variance across the chlorhexidine mouth rinse products

at the exit cycle. If significant, paired comparisons would be

performed using t-tests. Differences between the test products

and water were determined using the Mann–Whitney test
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together with the calculation of the point estimate and the

construction of 95% confidence intervals.

Results

The mean and standard deviation values of the OD of groups

of specimens at each cycle of treatment with each of the

chlorhexidine rinses are shown in Table 1 together with the

OD for the water control group at cycle 11. All chlorhexidine

rinses showed a progressive increase in OD indicative of

increased staining. All groups exceeded the OD exit point of

>2 at cycle 11. As expected, comparatively little staining was

seen with the water regimen. In mean terms, least staining

was seen with the positive control and most with the 0.2%

ADS chlorhexidine rinse, however statistically no significant

differences in staining between the three rinses was apparent

(P > 0.05) and further post hoc paired comparisons were not

conducted. All chlorhexidine rinses stained significantly greater

than water [P ¼ 0.0022, point estimate 1.0 (maximum value),

95% confidence interval 0.69–1.0].

Discussion

As stated, over nearly three decades this methodology in vitro

for chlorhexidine staining has correlated with not only staining

potential in vivo but clinical anti-plaque efficacy (15–26). Var-

ious aspects of the model which has been performed over the

time period of the method cannot be debated, except to con-

firm that the staining in vitro for the acrylic substrate correlates

with human enamel in vitro (13, 14). This is not surprising

given the early reports of similar staining on dentures as seen

on teeth (37). The use of water as a negative control merely

serves to confirm the conduct of the study indicating that the

stain was because of the chlorhexidine and not the aqueous

vehicle.

The data from this study completely refute the findings of

the stain aspect of the clinical investigation (33) and confirm

that both products with the ADS would cause staining in vivo

and would have the same efficacy as conventional chlorhexi-

dine mouth rinse products. There was little difference between

the 0.12 and 0.2% ADS products, which is not surprising as

there was well in excess of the dose of chlorhexidine to satur-

ate, probably as a stable monolayer (38, 39), the entire surface

of the specimens. Evidence from laboratory and clinical studies

indicate that it is the chlorhexidine adsorbed to the tooth sur-

face, which accounts for the plaque inhibition (40–42).

In conclusion, the present study in vitro correlates with the

plaque and gingivitis data of the cited study (33) namely that T
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the formulation with the ADS should be as efficacious as well

established chlorhexidine mouth rinse products. Unfortunately,

these data contradict the conclusion that the ADS products

have the potential to reduce dental staining. Indeed, these

ADS products would be expected to have identical staining

potential to all other efficacious chlorhexidine rinses. More

clinical studies are necessary to confirm the conclusion, which

use more controlled protocols particularly in respect of dietary

chromogen intake.
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